Abstract
Introduction
Currently, musculoskeletal disorders have become a common problem, in part due to increased life expectancy and incidence of obesity in the world population. These disorders cause functional limitations that invariably have a progressive course if not managed properly. 1---3 Treatment may be conservative with control of symptoms through medication, physical or surgical rehabilitation, with repair and/or replacement of damaged joints. 2 Surgical techniques have been improved rapidly in the last decades, but it does not always impact the postoperative rehabilitation of patients. Pain severity and length of hospital stay, especially when added to a previous status of limitation, in addition to complications associated with the anesthetic and surgical procedure, 4 result in greater morbidity and functional loss 5 and may affect prognosis. 6---8 Pain is one of the main factors limiting ambulation, increasing the risk of thromboembolism by immobility and causing metabolic changes that affect other systems. Therefore, individualized pain management with the use of appropriate analgesic techniques is of paramount importance. Moreover, early intervention of rehabilitation aiming at a better postoperative recovery 6,9---11 may reduce the length of hospital stay and return to daily activities. 12, 13 There are several techniques of analgesia; however, the use of patient-controlled analgesia (PCA) is increasingly present in hospitals. This method, which is considered safe and effective for treating moderate to severe pain, 6, 14, 15 is used since the 1970s.
PCA pumps are infusion devices that allow various forms of programming and whose drug administration may be intravenous or epidural, continuously or through a device to request bolus doses (intermittent). The patient operates the device, if necessary. This analgesic technique is often used in cases of severe pain, such as after orthopedic surgery, 6 or chronic pain, such as patients with advanced malignancies undergoing palliative care.
On the other hand, the use of PCA may be associated with hypotension, urinary retention, and motor blockade, which limits mobilization and, with high doses of opioids, it may result in sedation, respiratory depression, constipation, confusion, urinary retention, nausea, vomiting, and pruritus. 7 It is noteworthy that respiratory depression is the most troubling adverse effect. It is expressed by decreased peripheral oxygen saturation (SpO 2 ) and respiratory rate, as suggested by some authors. The oxygen requirement for hypoxemia management may prolong hospitalization, with consequent delay in rehabilitation. 9, 16, 17 Brazilian literature is scarce in studies assessing the impact of PCA in clinical outcome and rehabilitation of patients after orthopedic surgery. The aim of this study was to compare the outcome of patients submitted to orthopedic surgery, with and without PCA, regarding the need for supplemental O 2 , patient bed time, length of hospital stay, and level of pain.
Thus, it is possible to identify situations that may affect the time it takes the patient to return to daily activities, in order to intervene with prophylactic resources and improve postoperative rehabilitation. These factors are important for the quality of care provided, and impact on cost 
Methods
Prospective, observational study conducted through monitoring of patients at the AACD Hospital from May to August 2012. A daily screening in hospital occupancy map was performed to include patients. All patients undergoing total hip arthroplasty (THA), total knee arthroplasty (TKA), arthrodesis via posterior approach of thoracolumbar spine (long AVP), arthrodesis via anterior approach of the cervical spine (cervical AVA), and arthrodesis via posterior approach of lumbar spine (lumbar AVP) were selected. Subsequently, the sample was divided into two groups: with and without PCA.
Exclusion criteria were patients who were not able to quantify pain using the numeric pain scale (NPS), 18---20 those with chronic lung disease (COPD, chronic restrictive pulmonary disease or of chest origin, asthma, O 2 dependency), and home users of noninvasive mechanical ventilation.
The study was approved by the institutional Ethics Research Committee. Selected patients were informed about the study and signed a written consent form. They were monitored daily by the investigators involved who filled out a form with data collected from medical records. When data were not available in the medical records, the missing data were collected via patient assessment.
The data collection form was filled once a day, with the patient at rest, from the first postoperative period to hospital discharge. Data were tabulated in spreadsheets, using Microsoft Excel 2010 ® , and analyzed statistically. Mann---Whitney test was used to compare age, body mass index (BMI), length of hospital stay, time of getting out of bed, use of O 2 , and pain variables. Fisher exact test was used to evaluate the difference in gender distribution of patients. When patients were separated by length of stay or time for getting out of bed, the pain, BMI, and age variables were evaluated with the Kruskal---Wallis test, and Dunn's post-test was used for multiple comparisons. For additional analysis, such as correlations between oxygen use and BMI and age, the Spearman correlation was applied. The significance level was set at p ≤ 0.05. The software used was GraphPad PRISM ® version 5.
For daily patient assessment, the following tools were used:
(a) Data collection form; (b) Pulse oximeter (noninvasive measurement system of oxyhemoglobin saturation); (c) Numerical pain scale (NPS), which allows quantifying pain severity with numbers from zero to 10 (0 represents no pain and 10 the worst possible pain). The remaining numbers quantify intermediate pain 18---20 . In this study, the NPS was applied orally.
Results
The study included 270 patients, of which 32 were excluded for data collection failure, leaving a sample of 238 patients. Of these, 170 were women (mean age of 50.2 years) and 68 men (mean age of 47.6 years). Table 1 shows the sample characteristics.
Comparing groups undergoing THA and TKA with and without PCA, there was no statistical difference in pain, age, BMI, use of supplemental O 2 , time of getting out of bed, and length of hospital stay. The only significant finding was regarding sex: more men than women used PCA (p < 0.0001).
In long AVP group, the use of supplemental O 2 was statistically significant (p = 0.09), indicating a tendency for O 2 consumption by patients who did not use PCA (Fig. 1) . In the same group, there was no statistical difference in other analyzes.
Among patients undergoing lumbar AVP there was statistically significant difference between the groups with and Hospital stay (days) without PCA (p = 0.031). The NPS mean score was lower in first group (Fig. 2) . PCA was not used by patients undergoing cervical AVA. However, when pain scale was assessed, it was seen that patients reported more severe pain on the third postoperative day than on the second day (Fig. 3 ). An additional analysis of data comparing BMI value with time of getting out of bed revealed a close to significant value (p = 0.068) between the first and second postoperative periods, which indicates that this sample of patients with higher BMI tended to get out of bed later (Fig. 4) .
Comparing the mean NPS of patients with PCA with those without PCA on the first postoperative day, an almost significant difference (p = 0.058) was found between the groups with and without PCA undergoing lumbar and long AVP surgeries (Fig. 5) . There was no statistical difference between TKA and THA surgeries.
Patients' pain was analyzed the day after PCA withdrawal, but there was no significant difference. Table 2 shows the data correlated with the respective significant values (p-value < 0.05)
Discussion
The results of this study show that there was a predominance of women diagnosed with osteoarthritis, which corroborates the literature. 21 Moreover, there was no statistical difference in any of the variables when the groups with and without PCA submitted to the THA and TKA surgeries were compared. Due to the role of PCA in pain management, it was expected that there would be some significant difference regarding pain. What could be seen was that patients associate pain with the operated limb mobilization periods and not with rest periods. Because data collection was not performed in periods of activity, this factor may have influenced the results, which causes a limitation in the study.
The results also showed that the majority of patients undergoing long AVP were young women. According to Lima Júnior et al., 22 women tend to have greater curvatures of the spine, which required surgical intervention to prevent progression.
In this group of patients undergoing long AVP there was a nearly significant difference in the use of O 2 (p = 0.09) between groups with and without PCA, which could have been defined with a larger sample. Pain can be a very limiting factor in this group of patients because it is a major surgery that involves multiple spinal segments, including the accessory muscles of respiration, decreases chest expansion, and impacts on SpO 2 and time restricted to bed.
According to ours results, it was realized that there was no statistically significant value regarding PCA use and O 2 supplementation in the other groups.
As an additional finding, it was noticed that the majority of patients using O 2 had between 60 and 80 years. Possibly because elderly patients have previous limitations by the aging process itself and when added to a surgical procedure, it may complicate recovery and lead to respiratory complications. 4 In studies of opioids in PCA pumps, respiratory depression occurs commonly among the first 12---24 h. 16 However, in this study, data were collected from the first postoperative day. Perhaps, this was the reason why there was no case of respiratory depression in this sample.
Regarding lumbar AVP surgery, the most common cause was herniated disk, which is in accordance with the current literature reporting that this is the main reason for spinal surgery in the adult population. 23 It was also the largest sample among the surgeries analyzed in this study. The mean age of patients undergoing lumbar AVP was 46.8 years. Accordingly, Vialle et al. 23 reported that disk herniation occurs mainly between the fourth and fifth decades of life, despite being described in all age groups.
Patients who used PCA pump after lumbar AVP seem to have been those who have benefited most from this resource. They reported lower levels of pain during hospital stay than those who did not use PCA. Perhaps this is justified by the fact that spinal surgery patients are encouraged to frequent change of position, which mobilizes the surgical site and cause pain. However, PCA may have a better impact in controlling this symptom although it is not possible to assert it based on these results, considering that analgesics and anti-inflammatory drugs used in combination with PCA were not monitored in this study. This is another limitation found.
After analyzing the lumbar and long AVP groups regarding pain only in the first postoperative period, the comparison of patients with and without PCA revealed that patients without PCA reported more pain (p = 0.058). This analysis was performed with absolute values. Thus, the result reinforced the benefit of PCA in this group.
In this sample, patients undergoing cervical AVA did not use PCA pump after surgery and could not be allocated into two groups, as in the other. Therefore, additional correlations were made and, although not part of the study objective, we chose to quote them here. BMI was correlated with the time of getting out of bed, pain with the time of getting out of bed, and finally, pain with the length of hospital stay. It was found that the pain was more severe on the third day after surgery, with statistical significance compared to the second day. This may be due to the increased level of activities or the transition from intravenous to oral analgesia, by proximity to discharge.
The symptoms reported by patients could have an impact on the time of getting out of bed. However, it was not deemed necessary to make this correlation. That is because when analyzing the results of all groups it was noted that most patients tend to get out of bed on pre-scheduled days, if they have no clinical complications, which follows an institutional protocol for each surgery, regardless of PCA use. Rehabilitation protocols are increasingly present in clinical practice, with the goal of reducing functional loss, in addition to shorten hospital stay. 24 As an additional finding of the study, it was noticed that patients with higher BMI were out of bed earlier compared with those with lower BMI (p = 0.02). This may be explained by the presence of other institutional protocol, indicating that patients with BMI >25 are considered high-risk group for the development of respiratory failure when restricted to bed for longer than 48 h. Thus, there is a differentiated care by the team to prevent respiratory complications in this group of patients.
According to the limitations found in this work, it is recommended that future studies perform the analysis from the early postoperative period. The control of analgesics used, in addition to PCA, as well as the application of SNP at rest and during activity periods may also contribute to more concrete results.
Conclusion
PCA proved to be useful for pain relief of patients undergoing lumbar AVP. It was also important for patients undergoing long AVP, which may have reduced de use of supplemental O 2 , although not statistically significant probably due to the small sample size. The use of PCA did not correlate with the time of getting out of bed and length of hospital stay in either group of patients.
